The genome of a single cell derived from the B t 6 melanoma contains information for the expression of three distinct biologically active viruses: the N-and Btropic ecotropic viruses and the xenotropic virus. Their release results in reduction of melanin production. A possible relationship of virus replication to differentiation may be involved.
INTRODUCTION
Mouse cells and probably cells of all vertebrate species contain genomes of type C viruses integrated into their DNA (for review, see Benveniste & Todaro, I974; Aaronson & Stephenson, I976; Levy, I976, I978) . These viral genes are inherited by the host through the germ cell (i.e. endogenous virus). The type C virus message is transcribed at various times during the life of the mouse into infectious virus particles. Regulation of spontaneous virus production is determined intracellularly but viruses can be induced by external stimuli or chemical treatment (for review, see Aaronson & Stephenson, 1976; Levy, I978) . Two different classes of mouse endogenous type C viruses (MuLV) have been described according to their host range and are probably prototypes of inherited viruses in other species. The ecotropic viruses infect and grow in cells from their own species, whereas the xenotropic (X-tropic) productively infect only cells foreign to the host species (Levy, I973, I974) . The ecotropic viruses are further subdivided into N-and B-tropic viruses depending on their preference for NIH Swiss or BALB/c-type mouse cells whose susceptibility is regulated by the Fv-i genetic locus (Lilly & Pincus, I973) . Silagi et al. 0972) reported that an established C57B1/6 melanoma cell line, which released no infectious MuLV, produced a B-tropic ecotropic virus when treated with bromodeoxyuddine. At the same time, these cells stopped synthesizing melanin. Since induction of a B-tropic MuLV is rarely observed, we sought to determine whether this virus activation was specific or whether we could obtain other classes of MuLV from the treated cells. We also wanted to determine whether several biologically active viruses could be isolated from a line derived from one mouse cell. These studies permitted us to examine further the interrelationship of type C virus and melanin production.
METHODS
Cells. NIH Swiss and BALB/c mouse embryo (ME) cells were supplied by Microbiological Associates, Bethesda, Maryland, U.S.A. The NRK cell line, a continuous line of normal rat kidney cells established from an Osborne-Mendel rat (Duc-Nguyen et al. I966) has been oo22-I317/79/oooo-3372 $02.00 (~) I979 SGM maintained in our laboratory. A clone of these cells, highly sensitive to mouse type C viruses, was selected and used for the assays. Human foreskin cells (HuF) provided by L. Epstein and M. Debby, San Francisco, were used in early passage when they were most sensitive to xenotropic virus infection. Mink lung cells (American type tissue culture Cat. no. CCL64) were given to us by W. Nelson-Rees, Oakland. XC cells were received from W. P. Rowe, Bethesda, Md. The NRK Harvey line, a non-virus producing cell line, was established from NRK cells originally transformed by the Harvey strain of murine sarcoma virus (Levy, 197 i) .
The melanoma cell line was initially derived by Hu & Lesney (1964) from a transplantable melanoma which arose spontaneously at the base of the ear of a C57B1/6 mouse at Jackson laboratory in I954 (for background, see Riley, t976) . One culture was given to S. Silagi, who derived several melanotic clones from it (Silagi, t969) . One of these (B559) was further subcloned in the laboratory of J. A. Levy. Heavy melanin-producing as well as amelanotic celI clones were obtained from this originaI culture.
Media. Melanoma cells were maintained in Eagle's minimal essential medium (MEM) with Io % heat-inactivated (56 °C, 30 min) foetal bovine serum, 1% glutamine (2 mM) and 1% antibiotics (250/~g/ml of penicillin, 250 #g/ml of streptomycin). Focus formation assays were performed on cells grown in MEM supplemented with 5% heated (56 °C, 3o min) calf serum and 1% glutamine and antibiotics. For XC plaque assays and cocultivation assays we used MEM with xo% unheated foetal bovine serum, I ~/o glutamine and 1% antibiotics.
Virus. The Rauscher murine leukaemia virus (R-MuLV) and AKR-MuLV were originally obtained from J. W. Hartley, Bethesda and passaged in NIH-ME cells in our laboratory.
Virus assays
Co-cultivation. For X-tropic virus detection, NRK-Harvey cells at ~o 4 cells/culture were grown together with 3"5 x to 5 of the monolayer cells being assayed for the presence of the virus. Culture medium was changed every 2 to 3 days. Supernatants were removed on day 7, filtered (Millipore, o'45/~m) and assayed for focus-forming activity on rat and human cells. For ecotropic virus detection, 3 x io 5 melanoma cells were co-cultivated with a similar number of ME cells. The 7-day supernatants were subsequently assayed for infectious virus.
XC plaque assay for ecotropie virus. Within 14 h after plating, ME cells were pretreated for-3o min with diethylaminoethyl-dextran (DEAE-D; 25 #g/ml) to increase the sensitivity of the virus assay (Duc-Nguyen, ~968). They were.then washed with MEM and inoculated with supernatants from the cultured cells. The techniques for plating and maintenance of the cell cultures have been described (Levy et al. T975a) . After 6 days these ME cells were irradiated and overlaid with XC cells as described by Rowe et al. 097o) .
Focus formation. Within 24 h after plating and prior to virus inoculation, NRK and HuF cells were treated with DEAE-D. Only the HuF cells were washed with MEM and antibiotics after DEAE-D treatment, since we found no long-term toxicity of this chemical for NRK cells. The supernatants from the co-cultivation cultures were absorbed for 3o rain at 37 °C. Focus readings were taken at day 8.
Chemical treatment of cells. Chemicals used in these experiments were obtained from Fisher Scientific, Pittsburgh, Pa., U.S.A. Certain cultures of melanoma cells were exposed to 3 ° #g/ml of freshly prepared iododeoxyuridine (IdUrd) for a period of z4 to 48 h. Other cells were treated with puromycin at concentrations ranging from o.x to I.O #g/ml for 24 h. Following these treatments, the cultures were washed twice and cultivated alone or overlaid with 3 x io 5 fresh monolayer cells.
RESULTS

Establishment of clones of B16 melanoma cells
The parental line of BI6 C57B1/6 melanoma cells was cloned in Terasaki plastic plates so that one cell was delivered in a Pasteur pipette drop to individual wells (Levy et al. ~975 a) .
Twenty-five one-cell clones were obtained and grown as established cell lines. Seventeen clones of these melanoma cells did not spontaneously produce virus and made large quantities of melanin which appeared black in tissue culture. Eight clones which made less melanin spontaneously yielded a B-tropic virus as has been recently described (Newcomb et al. I978) .
Som~ clones producing virus appeared to be amelonotic but may have been producing low levels of melanin. Certain of these turned black after several cell transfers and their virus titres decreased. For our experiments, we selected those clones of melonoma cells which were producing melanin and no detectable MuLV.
Isolation of ecotropic viruses and xenotropic virus
When the 25 clones of the melanoma cell line were analysed for production of virus, seven appeared to be spontaneously producing only a B-tropic virus. Supernatants from these clones induced over Ioo times more XC plaques in BALB/c cells than NIH Swiss ME cells. The fluid from an eighth clone produced XC plaques with only a twofold preference for BALB/c cells over NIH-ME cells. We believed this clone was making both N-and B-tropic viruses. We then examined the possibility that one melanoma cell could be induced to release both N-and B-tropic viruses as well as a xenotropic virus. We selected the melanoma cell clone 20282 E-7 which produced substantial amounts of melanin but yielded no infectious virus. This clone was treated with IdUrd (3o/zg/ml) and then cultured alone or overlaid with either NIH-ME, BALB-ME, human foreskin of mink lung cells. Control cultures, not treated with IdUrd, were handled in a similar manner. All cultures were maintained with weekly passages for 3 weeks. They were then assayed for ecotropic virus production by adding XC cells directly to them. Their supernatant fluids were also tested for ecotropic virus by the XC plaque assay using NIH-ME and BALB-ME cells. Xenotropic virus production was assessed by pseudotype virus formation as described in the Methods.
The cultures not treated with IdUrd, whether cultured alone or co-cultivated with mouse, human, or mink cells, did not release ecotropic or xenotropic viruses. Cells, receiving IdUrd and cultured alone, produced a B-tropic virus as determined by its preference for BALB-ME cells.
Treated cultures co-cultivated with monolayer cells provided viruses with selective host ranges. As shown in Fig. I , fluids from the treated clone cultivated with mouse cells, produced XC plaques in both NIH-ME and BALB/c-ME cells. Isolation of pure virus stocks was achieved following several passages of the virus. The supernatants from the melanoma cells which received IdUrd and NIH-ME cells were inoculated at different dilutions on to fresh NIH-ME cells. The fluids from these cultures were again passed 7 days later on to fresh NIH-ME cells. This procedure was repeated an additional two to three times and resulted in the isolation of a pure N-tropic virus (Fig. J) . The virus grew preferentially in NIH-ME cells and could not be passed through BALB/c-ME cells.
From this same melanoma clone a B-tropic virus was easily obtained free of N-tropic virus by selectively inoculating the fluid from the co-cultivated IdUrd-treated clone on to BALB-ME cells. Repeated passage of this virus preparation on fresh BALB-ME cells yielded a pure stock of B-tropic virus (Fig. x) .
Isolation of a xenotropic MuLV from the cell line required several attempts. Treatment of the cells with I/~g/ml of puromycin and subsequent co-cultivation with HuF and NRK- 20282E-7 20282E-7 20282E-7 + + + NIH-ME BALB-ME ML NIH-ME NIH-ME NIH-ME BALB-ME 1 1 ~ (<0.2) (~.8)
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NIH-ME BALB-ME (< 0.2) (< 0.2) (log10) as determined in the cell lines listed by XC or focus formation (for X-tropic virus) assays. In cultures receiving NIH-ME cells, dilutions of the supernatant (I : lo, I : tooo) were initially passed. Control cultures which did not receive IdUrd were all negative for virus production whether cultured alone or co-cultivated with NIH-ME, BALB-ME or ML cells (data not shown). * The BI6 virus was cultured in mink lung cells for 3 weeks. These cells were then co-cultivated with the NRK-Harvey cell line and the pseudotype MSV formed was detected by focus formation on rat (NRK) and human foreskin (HuF) cells Neutralization tests were conducted as described in the text. Figures represent the average number of loci on duplicate plates.
Harvey cells yielded low titres of a pseudotype MSV which produced foci only in rat and human cells. Cultivation of the virus induced by this treatment, however, was not achieved. Treatment of cells with cycloheximide 0o#g/ml) yielded only ecotropic B-tropic virus. Finally, the cells, after several weeks in culture, were treated with IdUrd and then overlaid with mink lung cells. After four cell transfers, these mink cells, on co-cultivation with NRK-Harvey cells, yielded a xenotropic virus pseudotype of MSV (Fig. I) . Untreated cultures also co-cultivated with mink and NRK-Harvey cells did not release virus. Evidence of the X-tropic virus envelope was demonstrated by specific neutralization with rabbit anti-X-tropic virus antiserum ( 
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The neutralization by normal mouse sera is caused by a lipoprotein with specific anti-X-tropic virus activity (Levy et al. I975b; Leong et al. I977) . These same cells, treated with IdUrd also produced a B-tropic virus. After I7 passages, the melanoma clone produced the B-tropic virus spontaneously, but not the xenotropic virus. At this time the cells were less pigmented than the non-virus producing parental line.
Effect of chemicals and exogenous virus infection on melanin production
When IdUrd was added to the melanin-producing cells, the induction of virus occurred concomitantly with a reduction in melanin production. Puromycin and cycloheximide treatment of cells also decreased melanin production as measured by the loss of colour of the clone, but the extent was less than that observed with IdUrd.
Since endogenous type C virus production appeared to be inversely related to melanin synthesis, we examined the effect of an acute infection of the cells by ecotropic MuLV. R-MuLV and AKR-MuLV were added to dark, non-virus producing melanoma cells. A noticeable decrease in melanin production was observed concomitant with virus replication in the cells. This reduction in pigment formation was more pronounced with R-MuLV than AKR-MuLV but the acute virus infection at no time gave rise to amelanotic cultures. Attempts to derive a virus plaque assay system by this technique were not successful since the reduction in melanin production produced grey and not amelanotic cells.
DISCUSSION
Three different types of MuLV have been regularly recovered from laboratory strains of mice. Two of the MuLV infect and replicate in mouse cells but have a preference for NIH Swiss type or BALB/c type cells as determined by the Fv-2 genetic locus (Lilly & Pincus, 2973) . The third type is unable to productively infect mouse cells but is infectious for a wide variety of heterologous.cells. This xenotropic virus has been identified in most strains of house mice (Levy, 2978) . Infectious N-tropic and X-tropic MuLV can be induced from mouse cells by a variety of procedures (Aaronson & Stephenson, x976; Levy, ~978) , but the B-tropic virus is rarely produced unless the cell releases the virus spontaneously. Moreover, spontaneous release of the B-tropic virus is not commonly observed in tissue culture ; the virus is usually recovered from tumours in certain strains of mice (Peters et al. I973 )-The release and persistence of this ecotropic virus in these cultured B26 melanoma cells is therefore unusual and suggests that the cells were established in culture at a stage when they were programmed for virus production.
Previous studies have demonstrated the presence of more than one infectious type C virus in mouse cells (Aaronson & Stephenson, 2976) . We were able to show for the first time that the complete genomes of three distinct biologically active MuLV can be detected in a line derived from a single mouse cell. Moreover, all three viruses were produced after treatment of the cells with the same inducing agent. While not definitively shown in these studies, the data suggest that one mouse cell could produce all three viruses at the same time.
Our studies confirm previous reports that MuLV production by differentiated melanoma cells is associated with a decrease in melanin production (Silagi et al. I972; Silagi, x976) . This observation was further supported by the effect of acute infection of the cells with ecotropic virus. The replication of Rauscher virus in the cells was linked to a decrease in melanin production and illustrated that production of an exogenous virus as well as an endogenous virus will reduce melanin synthesis. Studies are in progress to determine whether similar mechanisms for regulating virus expression are involved in control of differentiation processes such as melanin production.
